Introduction
There is an increasing focus on handling of stormwater discharges from urban areas.
Climate changes and increased paved areas are inducing a need for climate adaptation to avoid flooding's (Barbosa and Hvitved-Jacobsen 2001) , but also to avoid undesired impacts on the receiving waters such as erosion, nutrient enrichment, loading with xenobiotics and withdrawal of animals and plants (Hale et al. 2016) .
Stormwater treatment is often a combination of storage and controlled outlet, to avoid hydraulic impacts and to remove various substances hereby improving the water quality (Reinhardt et al. 2005) . Wet ponds are commonly used as treatment facilities, as they can fulfill both purposes, if properly designed (Sønderup et al. 2016) . Also drainage runoff from agricultural areas can be treated in similar systems (Reinhardt et al. 2005) . Removal is primarily controlled by the sedimentation process, which is dependent on distance from inlet to outlet, retention time and ratio between wet volume and catchment area (Sønderup et al. 2016) . Therefore, wet ponds are good at removing particles, whereas removal of dissolved substances is poor (Muthukrishnan and Selvakumar 2006) . Depending on the removal efficiency, a varying proportion of the small particles is not removed. Both stormwater and drainage runoff often contain many small particles settling very slowly (Egemose and Jensen 2009) . Therefore, a widely used method to retain these particles is to combine the wet pond with a sand filter before the outlet (Birch et al. 2005) . After a primary settling treatment in the pond, a secondary treatment in the sand filter removes even finer particles. Some dissolved substances might also be removed by absorbance processes. The life time of a sand filter is dependent on the filter size compared to the inflow, the filter grain size and most importantly the particle content in the inflow. Often the filters are established with a management plan for renewal of the filter material after 10-15 years. At this time the filter is supposed to be inefficient due to clogging by trapped particles, but the filters clog much earlier due to the small particles (Siriwardene et al. 2007 , Sønderup et al. 2014 ). Therefore, knowledge on how these clogging layers develop over time is important to allow better designs, to make more reliable management plans and not at least to ensure a good and sufficient treatment of the water. This study have examined the development of clogging layers in 2 sand filters of varying age, size, catchment area and pond volume. Focus has been on grain size and the filter content of dry weight (DW), organic matter (OM) and phosphorous (P), showing where these parameters are retained in different depths in the filter.
Materials and Methods
Sand filters in 2 wet ponds were studied ( Figure 1 ). Both ponds are situated in the catchment area to Lake Nordborg, Denmark, where they treat drainage water and urban runoff, respectively (Egemose et al. 2011 and Table 1 ). Pond A receives water from a 70 ha catchment area primarily consisting of urban areas. The pond volume is 200 m 3 and the sand filter is 138 m 3 (0.3 m deep). At the time of sampling, the facility was 5 years old. Pond B was 3 years when studied and has a 36 ha catchment consisting of agricultural areas. The pond volume is 250 m 3 and the sand filter is 210 m 3 (0.5 m deep). Both filters consists of a sand mixture with an initial infiltration rate >1000 L m -3 day -1 . In December 3 undisturbed cores (diameter 5.2 cm) were taken randomly with a Kajak corer in each filter. The cores were sliced into intervals of 0-0.5 cm and 0.5-1 cm and thereafter in 1 cm intervals down to 10 cm's depth. Grain size, DW, OM (measured as loss of ignition) and P were measured in 5 depth intervals (0-0.5, 0.5-1, 1-2, 4-5 and 9-10 cm).
Determination of grain size was conducted according to Brenning (1967) . The slices with fresh filter material and a known volume were sieved into grain sizes of >1000, 500-1000, 250-500, 125-250, 63-125 and <63 µm. The sorted material was dried at 105 degree Celsius for min. 24 hours until constant weight, after which DW was measured. LOI was measured by ignition of the dried material for 5 hours at 520° C.
Finally P was measured on an extract of the combusted material according to Andersen (1976) .
Results
DW increased with increasing filter depth in both filters (Figure 2A ). In pond A it increased from 0.31±0.04 g cm -3 in the surface layer to 2.16±0.50 g cm -3 at 9-10 cm.
Pond B behaved almost similar with 0.48±0.30 g cm -3 in the surface layer and 2.10±0.24 g cm -3 at 9-10 cm. The small particles dominated in the surface layers of both filters, though with a much steeper decline with depth in pond B compared to pond A ( Figure 2B ). Particles <63 µm counted for 22±8 % and 27±18 % of DW in pond A and B, respectively. In pond B the small particles counted for only 4±2 and 2±1 % of DW at 4-5 and 9-10 cm, respectively, whereas they in pond A counted for 14±14 % of DW at 9-10 cm.
This difference between the ponds was the same for all particle fractions ( Figure   2 lower panel). Pond A had the most even distribution of particle sizes with increasing depth, but with a large proportion of both big particles and very small particles. The intervals of DW depending on depth were 21-46 % >1000 µm, 18-30 % at 500-1000 µm, 9-23 % at 250-500 µm, 5-11 % at 125-250 µm, 1-5 % at 63-125 µm, and 11-23 % <63 µm. The tendency was less uniform for pond B. This pond had a very larger proportion of large particles >1000 µm increasing with depth ranging from in average 44 % in the surface to 79 % at 9-10 cm. The smallest fraction <63 µm decreased with depth from 27 to 2 %, whereas the other fractions was more or less constant with increasing depth.
OM as % of DW also differed with depth, decreasing with increasing depth independent of particle size for both filters (data not shown). In Pond B the content of OM at surface and 9-10 cm depth decreased from 20 to 0.4% at >1000 µm, from 5 to 0.5 % at 500-1000 µm, from 14 to 0.8 % 250-500 µm, and from 15 to 1 % 125-250 µm, whereas it was more equally distributed at 63-125 µm (increase from 7 to 15 %) and <63 µm (decrease from 17 to 11%). The tendency was the same for Pond A, but with slightly lower values. Below 4 cm depth most OM are found in relation to the smallest particle fractions.
The sand filters are also expected to retain P. Actually it is the main purpose for these 2 filters. In both filters the PP content was highest in the surface and decreased with depth ( Figure 3 ). Pond A had 1.5±0.8 mg P g -1 DW in the surface layers, but only 0.1±0.1 mg P g -1 DW at 9-10 cm. The values for Pond B was markedly higher namely 9.2±1.4 mg P g -1 DW in the surface and 2.0±1.7 mg P g -1 DW at 9-10 cm. Most of the P was associated with the smallest particle fractions (Figure 3 lower panel) . In pond A the particles <250 µm contained 84-95 % of the P content depending on depth, even though these particle sizes only represented 17-39 % of the total DW. The tendency was almost the same in Pond B, where 69-95 % of P was found in the particle fractions <250 µm, but with these particle fractions only representing 3-36 % of total DW.
Discussion and conclusion
The results from both filters clearly show that particles and nutrients are retained in the uppermost cm's of the filter. This is explaining why we so often experience a clogging effect in stormwater ponds with filter systems or subsurface-flow treatment wetlands after only a few years (Nivala et al. 2012 , Sønderup et al. 2014 ). In the review by Knowles et al. (2011) they state that this is due to a high biological growth in the upper part of the filter and that the particles are removed by the filter as soon as the pore sizes fits. Siriwardene et al. (2007) have experienced that a varying water level and very small particles are speeding up the clogging rate. It is also visually clear in this study, as the upper filter part is dark whereas it turns grey and sandy below approx. 5 cm. The DW increased with increasing filter depth as the small and low-density particles containing organic matter are retained in the upper cm's of the filter, whereas DW in the deeper part of the filter reflects the original filter material. The filters are efficient in removing very small particles, as a large fraction of particles <63 µm was found. This is convenient as stormwater contains many small particles. Another study in the same catchment area showed that 84-97 % of DW was <75 µm (Egemose unpublished) .
Particulate organic matter is retained like total DW primarily in the upper cm. Grace et al. (2016) reported that clogging in the surface was mainly caused by OM.
PP is also trapped close to the surface of the filter, whereas deeper into the filter very little P is found. Therefore runoff P coming into the filter is either trapped in the top of the filter, transported through the filter as dissolved P (~50% of the runoff P is dissolved P (Egemose and Jensen 2009)), transported though the filter as very small particles or discharged through the overflow either because the clogging effect has started or because the capacity of the system is reached. It is known that the retention of total P varies. I have measured a removal of -70-78 % in Pond A and 27-71 % in Pond B. The difference in removal efficiency can be explained by a lower ratio between pond volume and catchment area combined with a higher inlet concentration of P in pond A.
Pond A is partly clogged at the time of sampling as water is often running into overflow. This is not yet the case with Pond B, which is supported by the fact that Pond B also has a larger proportion of P trapped in deeper parts of the filter. The finding that the smallest particles are the most nutrient rich is also seen in other studies (e.g. Stone and English 1993) . As PP removed is associated with the smallest particles, it is important to design and maintain the filters to support removal of the smallest particles.
This especially requires a sufficient retention time and a filter material with a distribution of grain sizes preventing clogging.
Many sand filters have a depth of around 0.5 m and a vertical flow like the filters studied in this paper. There are published several similar studies with data from the first year of operation, whereas studies in older facilities are rare. The results in this study with 3-5 year old filters show that only the upper cm's of the filter are actually used and that the filter will clog over time before the lower parts comes into use. Costeffective management tools could therefore be: 1) make a thinner filter and exchange it more frequently than every 10-15 years as is common practice today, or 2) construct the filter with a depth ~0.5 m as today, but remove the upper 5 cm every 5 years to remove the clogged and nutrient rich layer and induce fresh filter material and adsorption capacity. Both practices would ensure higher efficiency and better particle and nutrient retention. 
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